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Abstract 
Many people with motor disabilities have difficulty in going to the outside world. Either they 
should be taken in a car or in a powered wheel chair. But the powered wheelchairs are 
sometimes too heavy and cannot be carried in a trunk of the car. Apart from this, the 
powered wheelchairs are too costly and the middle class person can’t afford to travel in such 
a wheelchair. Taking into all these matters into consideration, the best possible way a 
disabled person can roam outside freely is by using mobility scooters. Mobility scooters help 
the disabled persons to travel from one place to another freely without anyone’s help. They 
are easy to operate and less costly compared to the powered wheelchairs. The main aim of 
this project is to design a multi-utility personal mobility scooter for people with motor 
disability. The multi-utility in the context refers to a mobility scooter whichcan be used both 
indoors and outdoors. In the outside world this would operate normally as the other mobility 
scooters do and when it comes to indoors the mobility scooter would be used as a wheelchair. 
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INTRODUCTION 
A personal mobility vehicle is a mobility 
assistance which is similar to a wheelchair 
but made to look like a motor-scooter. 
A mobility vehicle has the following parts 
 Seat over three or four wheels 
 Flat space for placing the legs 
 A handlebar or a steering mechanism 
to turn thewheels 
 Battery to operate the scooter 
 
Problem Description 
Many people with motor disabilities have 
difficulty in going to the outside world. 
Either they should be taken in a car or in a 
powered wheel chair. But the powered 
wheelchairs are sometimes too heavy and 
cannot be carried in a trunk of the car. 
Apart from this, the powered wheelchairs 
are too costly and the middle class person 
can’t afford to travel in such a wheelchair. 
Also there must be someone to assist the 
person with motor disabilities. Taking into 
all these matters into consideration, the 
best possible way a disabled person can 
roam outside freely is by using mobility 
scooters. Many people still see disability 
as a form of defect. But a person riding 
mobility scooter is hard to guess whether 
that person is disabled or not. Mobility 
scooters help the disabled persons totravel 
from one place to another freely without 
anyone’s help. They are easy to operate 
and less costly compared to the powered 
wheelchairs. But the mobility scooters 
currently available in the market are either 
intended to use indoor oroutdoor. But none 
fitted my project description. The main 
aim of this project is to design a multi-
utility personal mobility scooter for people 
with motor disability. The multi-utility in 
the context refers to a mobility scooter 
which can be used both indoors and 
outdoors. In the outside world this would 
operate normally as the other mobility 
scooters do and when it comes to indoors 
the mobility scooter would be used as a 
wheelchair. 
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CONCEPT GENERATION 
Description of Concept Design -1 
This concept consists of mainly four 
wheels, two wheels atthe front and two 
wheels at the rear end of the vehicle. 
Thediameter of all the wheels is same in 
this concept. This is arear wheel drive 
vehicle and the motion to the two rear 
wheelsis brought about by a standard D.C 
Motor and transmissionsystem provided at 
the rear end of the vehicle adjacent to 
theseat tube as shown in the figure. The 
foot rest is provided onthe sides of the two 
front wheels. The brakes are provided 
atthe rear ends of the vehicle. Two disc 
brakes are mounted inthe two rear wheels 
and it is operated by means of a 
solenoidswitch control system. 
 
 
Fig.1: Picture of a Concept No.1. 
 
Description of Concept Design-2 
This concept consists of three wheels, one 
at the front andtwo wheels at the rear end 
of the vehicle. The diameter of thefront 
wheel is 16 inches while the diameter of 
the two rearwheels is 14 inches. The front 
part of the vehicle consistsof fork, 
handlebar, front wheel, hub motor and 
headtube.The front part is attached to the 
rear part of the vehicleby means of the bolt 
and nut connection as shown in thefigure. 
The battery and inverter are being 
provided belowthe cushioning seat. The 
vehicle is front wheel driven within wheel 
hub motor mounted in the front wheel. 
When theperson is inside the building the 
front part can be detachedand the two 
caster wheels provided in the chassis near 
thebolt and nut connection act as guiding 
wheels. The telescopic handle is provided 
behind the cushioning seat which can 
beused for moving the vehicle after 
detaching the rear part. 
 
 
Fig.2:Picture of a Concept No.2. 
 
Description of Concept Design-3 
This concept is very similar to the concept-
2. It consists ofthree wheels, one wheel at 
the front and two wheels at therear end of 
the vehicle. The front wheel diameter is 16 
incheswhile the rear wheel diameter is 14 
inches. This vehicle isfront wheel driven 
with in wheel hub motor mounted in 
thefront wheel. In this concept, the vehicle 
is divided into twoparts. The front part 
comprises of hub motor, front wheel,fork, 
headtube, U bracket, battery, inverter and 
handlebar whilethe rear part comprises of 
chassis, two rear wheels, two casterwheels, 
seat tube, telescopic handle and cushioning 
seat. Whenthe person wishes to go outside, 
the front part of the vehicle isattached to 
the rear part by means of the U bracket and 
a pin.When the person goes inside the 
building, the front part canbe detached and 
kept for charging the battery. The two 
casterwheels provided in the chassis act as 
guiding wheels for themotion of the rear 
part. When the front part is detached, 
therear part works similar to a wheelchair 
except that it has to bepropelled by means 
of the telescopic handle provided at 
theback of the cushioning seat. 
 
 
 
 
3 Page 1-9 © MAT Journals 2018. All Rights Reserved 
 
Journal of Recent Trends in Mechanics  
Volume 3 Issue 1 
 
Fig.3: Picture of Concept Design-3 
 
Pugh Matrix for Concept selection 
The Pugh Matrix is a type of Matrix 
Diagram that allows for the comparison of 
many number of design concepts against a 
base design leading ultimately to which 
best concept meets a set of design criteria. 
The Decision Matrix criteria for this 
project has also been identified and listed 
in the Pugh Table below. From the below 
table concept design 3 has been selected. 
 
 
Table.1: Pugh matrix selection criteria  
 
FORCES NECESSARY FOR THE 
MOTION OF THE VEHICLE 
Consideration of Rolling Resistance 
The rolling resistance is the force arising 
due to the friction of the vehicle tyres on 
the road. Friction in the gearing system 
and also the bearings play their part. The 
rolling resistance is proportional to the 
weight of the vehicle and it hardly depends 
on the vehicle speed. The rolling resistance 
force is given by, 
Frr = µrrm g 
The main factors controlling µrr are the 
type of tyre and tyre pressure. The value of 
µrr is given by, 
 0.015 For Radial ply tyre. 
 0.005 For tyres developed specially for 
electric vehicles. 
Keeping in mind the cost constraint, the 
radial ply tyresare selected for this project. 
So,µrr= 0.015,g= 9.8m/s
2
 Substituting 
above values in equation we get 
 
Frr = 36.7875N 
Consideration of Hill Climbing force 
The force needed to drive the vehicle up a 
slope is simplythe component of the 
vehicle weight that acts along the slope.By 
simple resolution of forces it is given by, 
Fhc=m g sin(ψ)                 
Where, m=250 kg, g=9.8 m/s
2
; ψ = 100. 
Substituting these values in above equation 
we get, 
Fhc = 7.4707N 
 
Consideration of Acceleration force 
When the velocity of the vehicle is 
changing, then theacceleration force has to 
be taken into account. There aretwo 
components of acceleration force, linear 
acceleration andangular acceleration. 
Linear acceleration force is given by, 
Fla = ma 
The angular acceleration is given by, 
Fwa=I G
2a /(ηgr
2
) 
 
Since the moment of inertia of the motor I 
is not known, thereasonable approximation 
is to simply increase the mass by5%. 
Assuming an acceleration of 1m/s
2
, the 
equation becomes 
Fla= 262.5N 
 
Total Tractive Effort 
The total tractive effort is the sum of all 
the above forces, 
Fte = Fad + Frr + Fhc + Fla + Fwa 
Substituting all the forces in equation we 
get, 
Fte = 36.7875 + 7.4707 + 262.5 
Fte = 306.7582N 
 
Power required to drive the vehicle 
Power required for driving the vehicle at 
2.778 m/s, 
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P = 306.7582 x 2.778 
P = 852.17W 
 
DESIGN OF THE COMPONENTS 
Chassis 
The chassis is the most important part of 
any vehicle because it should bear all the 
external loads and internal loads that are 
arising in the vehicle. The chassis gives 
the basic strength to the vehicle and it 
supports the transmission system, steering 
system and the wheels. Hence design of 
chassis is the most important criteria in 
any vehicle design. 
 
The material selected for the chassis is 
Mild Steel which has tensile yield strength 
of 250 MPa according to the Indian 
Standards Code IS: 2062 Specification of 
Structural Steel for Fabrication. 
 
The 25 nominal bore steel of circular 
cross-section has been selected for the 
chassis and the properties of the same have 
been taken from the steel table. 
 
Fig.4: 3D model of chassis 
 
A1. Design for Bending: 
 Maximum weight of the person 
including seat weight =140 kg 
 Length of the section where weight is 
acting= L=550mm 
 Considering the pipe as a simply 
supported beam and weight acting 
exactly at the centre, 
Maximum bending moment= P x L /4  
=140 x 9.81 x 550/4=Mmax = 
188842.5N-mm 
 Working/ Bending stress = σw = Mmax 
x C /I  
=188842.5 x 16.85 / 30927.10=σw= 
102.89 MPa 
 Assuming factor of safety for bending 
= FOS =1.67 
 Allowable strength of steel = σal = σy  / 
FOS 
=250/1.67= σal= 149.70 MPa 
 Maximum deflection= P x L3 / (48 x 
Ex I)  
= 140 x 9.81 x 5503 / (48 x 210 x10
3
 x 
30927.10) =Δmax=0.733 mm 
It can be seen that the working stress, 
σw = 102.89 MPa is less than the 
allowable stress, σal= 149.70 MPa. 
Therefore the design is Valid and the 
25NB pipe selected is sufficient to 
withstand the weight. 
 
 
Fig.5: 3D model of chassis with 5mm thick 
sheet metal 
 
Wheels 
The most important function of the wheel 
is to support the weight of the machine, 
whether upright or when vehicle is leaning 
over in a corner. The function of the tyres 
is to transmit the lateral, longitudinal and 
vertical forces between the road and the 
vehicle. For this project, the vehicle is 
front wheel driven accompanied by the 
two rear wheels. The hub motor is 
mounted in the front wheel itself which 
eliminates the use of extra chain sprocket 
and gear box. Also, the radial tyres are 
chosen for this project which has the 
rolling resistance coefficient,µrr = 0.015. 
 
The Front Wheel diameter is chosen to be 
16 inches with 3 inches in width of the tyre. 
The two Rear Wheels are of 14 inches in 
diameter with tyre width of 3 inches. 
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Fig.6: 3D model of front wheel done in 
Solid works 
 
 
Fig.7: 3D model of rear wheel done in 
Solid works 
 
Caster Wheels 
A caster is a wheeled device typically 
mounted to larger objects which facilitates 
relatively easy rolling of the object. The 
casters are special housings that include a 
wheel which facilitates the installation of 
wheel on object. Casters have wide 
applications such as office desk chairs, 
hospital beds, shipyards, automotive 
factory etc. 
 
The caster wheel selected for this project is 
of Swivel type and it will be mounted 
below the sheet metal around four corners 
of the mounting plate by using bolt and nut 
connections. 
 
Fig.8: 3D model of caster wheel done in 
Solid works 
 
Seat Tube 
The seat tube is a component which should 
withstand the entire weight of the person 
including the seat weight. This seat tube 
will be designed for axial buckling by 
considering the properties for 15 Nominal 
Bore Steel of circular cross-section from 
the table of steel. 
The material selected for the seat tube is 
Mild Steel which has tensile yield strength 
of 250 MPa according to the Indian 
Standards Code IS-800:2007 Specification 
of Structural Steel for Fabrication. 
 
D1. Design for Buckling: 
 The entire load acting = P= 135 
kg=1324.25 N 
 Length of the tube = L =200 mm 
 From table of buckling end conditions, 
the recommended K factor for Fixed-
Free end is given by, K= 1.2 
 Euler’s formula for critical load is 
given by,  
Pcr = П2 x E x I / (K x L)2 =  П2 x 210 
x 10
3
x 5706.9 / (1.2 x 200)
2
 =Pcr  
=205.35 x  10
3
 N 
 Effective length= Le= 1.2 x 200 =240 
mm 
 Radius of gyration=R = (I / 
A )
1/2
=5706.9 / 121.26=6.86 mm 
 Slenderness Ratio = λ = Le / R=240 / 
6.86=35 
Here the applied load, P=1324.25 N which 
is less than the critical load, Pcr = 205.35 
x 10
3
 N. Hence according to the 
elementary strength of materials approach, 
the Seat Tube will be in a stable 
equilibrium in straight position. 
Also the working stress, σw = 142 MPa 
which is less than the allowable stress, σal 
= 250 MPa. Therefore the design is Valid 
and the 15NB pipe selected is sufficient to 
withstand the weight of the person 
including seat. 
 
 
Fig.9: 3D model of Seat Tube done in 
Solid works 
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Fork 
The fork is a component of the vehicle 
which holds the front wheel. Typically the 
fork consists of two blades which are 
joined together at the top by the fork 
crown. Above the crown, the head tube 
attaches the fork to the handlebar, which 
allows the user to steer the vehicle. At the 
bottom of the fork, the dropouts hold the 
front wheel. 
 
The material selected for the Fork is Mild 
Steel which has tensile yield strength of 
250 MPa according to the Indian 
Standards Code IS-800:2007 specification 
of Structural Steel for Fabrication. The 
Fork will be designed for Buckling by 
considering the properties for 15 Nominal 
Bore Steel of circular cross-section from 
the table of steel. 
 
E1. Design for buckling 
 Assuming the entire load acting on 
each fork blade = P= 250/ 2 = 125 kg = 
1226.25 N 
 Length of the tube = L =300 mm 
 K factor for Fixed-Free end is given by, 
K= 1.2 
 Euler’s critical load= П2 x 210 x 103x 
5706.9 / 
 (1.2 x 300)
2
= Pcr =91.267 x 10
3
 N 
 Le = 300 x 1.2= 360 mm 
 R = (I / A )1/2= 5706.9 / 121.26=6.86 
mm 
 Slenderness Ratio = Le / R = 52.47 
Here the applied load, P=1226.25 N which 
is less than the critical load,  Pcr = 91.267 
x 103 N. Hence according to the 
elementary strength of materials approach, 
the Fork will be in a stable equilibrium in 
straight position. 
It can be seen that the working stress, σw = 
129.53 MPa which is less than the 
allowable stress, σal = 250 MPa. Therefore 
the design is Valid and the 15NB pipe 
selected is sufficient to withstand the 
weight. 
 
Fig.10: 3D model of Fork done in Solid 
works 
Handlebar 
The handlebar also refers to as the steering 
mechanism for bicycles or motorcycles 
which is considered as equivalent to a 
steering wheel. Apart from the steering, 
handlebar also supports the portion of the 
rider’s weight depending upon the posture 
of the person driving the vehicle. The 
handlebar designed for this project is of 
simple shape, circular cross-section and it 
is designed for bending by considering the 
properties for 15 Nominal Bore Steel of 
circular cross-section from the table of 
steel. 
 
The material selected for the Handlebar is 
Mild Steel which has tensile yield strength 
of 250 MPa according to the Indian 
Standards Code IS: 2062 Specification of 
Structural Steel for Fabrication. 
 
F1. Design for bending: 
 Considering the pipe as a simply 
supported beam and assuming the 40% 
of the rider’s weight acting on the 
handlebar, we have, Load = P = 40 % 
of the person weight= 0.4 x 120=P= 48 
kg 
 Maximum bending moment=P x L / 4 
= 48 x 9.81 x 400 / 4= Mmax = 47088 
N-mm 
 Length of the handlebar = L= 400 mm 
 Working/ Bending stress = σw = Mmax 
x C /I = 47088 x 10.65 / 5706.9=σw= 
87.87 MPa 
 Allowable strength of steel = σal = σy/ 
FOS                                       = 
250/1.67=σal= 149.70 MPa 
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 Maximum deflection= P x L3 / (48 x 
Ex I) = 48 x 9.81 x 400
3
/ (48 x 210 x 
10
3
 x 5706.9)=Δmax = 0.523 mm 
It can be seen that the working stress, 
σw = 87.87 MPa is less than the 
allowable stress, σal= 149.70 MPa. 
Therefore the design is Valid and the 
15NB pipe selected is sufficient to 
withstand the weight. 
 
 
Fig.11: 3D model of Handlebar done in 
solidworks 
 
U-Bracket and Pin 
G1. U-Bracket 
The U-bracket is a part which connects the 
front and rear part by means of a pin. This 
U-bracket will be the attached to the front 
part by means of a standard welding 
technique. 
The material selected for the U bracket is 
Mild Steel which has tensile yield strength 
of 250 MPa according to the Indian 
Standards Code IS: 2062 specification of 
Structural Steel for Fabrication. 
 
 
Fig.12: 3D model of U-Bracket done in 
solidworks 
 
G2. Pin 
The pin is a part of the U-bracket which 
connects the front and rear parts. This pin 
will be subjected to double shear. Hence it 
is designed for double shear loading. The 
material selected for the pin is EN-8 with 
percentage of carbon equal to 40 %. This 
material has a maximum stress of 700 MPa 
and yield stress of 465 MPa. 
 
G 2.1: Design for Double shear: 
 Theoretical shear strength = 0.5 x 
Yield strength of the material =  0.5 x 
465=232.5 MPa 
 A= area of the pin = П x D2 / 4=П x 
16
2
 / 4=201.06mm
2
 
 τworking = F/ (2 x A) =500 / (2 x 
201.06 )= 1.243 MPa 
 
It can be seen that the working shear stress, 
τworking = 1.243 MPa is very much less 
than the allowable stress, τtheoretical/ allowable 
= 232.5 MPa. Hence the design is safe and 
the 16mm diameter pin is sufficient for the 
double shear loading.         
 
 
Fig.13: 3D model of Pin done in 
solidworks 
 
Brushless DC Motor 
Brushless DC motors also known as 
BLDC motor/ electronically commutated 
motor is a synchronous motor powered by 
DC electricity via an inverter which 
produces a bi-directional electric current to 
drive each phase of the motor via a closed 
loop controller. 
The Motor selected for this project is 
BLDC motor because of its 100% 
transmission and it doesn’t involve any 
extra transmission systems 
 
H1.Motor Calculations: 
 Velocity of the vehicle = V = 10km/ h 
= 166.66 RPM 
 Radius of the front wheel = R = 0.2032 
m 
 Power output of the motor, Po = 
1000W 
 Efficiency of the motor = η = 80% = 
0.8 
 Power input to the motor = Pi =1000 
/0.8 = 1250 W 
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 N= RPM of the wheel = V / ( П x D) = 
166.66 / (П x 0.4064)=N = 130.53 
RPM 
 Watt load torque = T = Output power x 
60 / (2 x П x N ) = 1000 x 60 / ( 2 x П 
x 130.53 )=T = 73.15 N-m 
 Terminal voltage = V0= 48 V                 
 Load current = I = Pi / V0=   1250 
/48= I = 26.04 A                                                              
 Force = Torque / Radius = 73.15 / 
0.2032 = 360N 
 Rolling resistance force = 36.7875 N 
 Force - Rolling friction force = m x 
a360 – 36.7875 = 130 x 9.81 x a 
 Acceleration = a = 0.253 m/s2 
 
Battery 
There are many types of batteries currently 
available in the market. Keeping in mind 
the cost constraint, the battery selected for 
this project is Lead Acid battery of 48V 
capacity. 
 
Battery calculations: 
Considering 4 batteries of 12 V capacities, 
when these are connected in series, 
 Terminal voltage = 12x4 = 48V 
 Ampere hour of batteries = Q = 33 Ah 
 Power input for charging = Pi =290 W 
 Time required for charging = VxQ/Pi = 
48x33/290 =5.462hours=T= 5 hrs 27 
mins 
 Discharge time for battery = V Q / 
total power consumed = 48x33=1250 = 
1:262 hours = 1 hour 16mins. 
 
CONCLUSION 
The future of electric scooters is very 
exciting both in the short term and long 
term. There has been much advancement 
in the field of electric vehicles over many 
years. There is a great demand for electric 
vehicles because of the increasing 
pollution from the I.C engines. Because of 
the increasing fuel consumption, there is a 
great demand for alternate energy source. 
There are mainly three areas where the 
electric vehicles are substantially 
developing. First one is rechargeable 
battery vehicles, second one is hybrid 
vehicles and third one is fuel cell vehicles. 
Most of the time, people with disabilities 
have to be taken in car or bike with 
modified controls to accommodate the 
wheelchair. Also there must always be a 
person to assist the person with disabilities. 
Therefore keeping in mind all the above 
matters into consideration, the simple 
approach to design a multi-utility personal 
mobility scooter has been made.  
 
 
Table.2: Final Design parameters 
 
 
Fig.14: Isometric view of Personal 
Mobility Scooter 
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